ABSTRACT Heavy high viscosity oils, transformer oils, and very light low viscosity oils have been used in a Norwegian company in the impregnation, sheathing, and installation of paper insulated cables.
Recent reviews have emphasised that the toxicological properties ofmineral oil products may differ with their distillation and refining-history, the crude petroleum from which they have been derived, and the types and amounts of additives present in the final product." It has also been pointed out that the choice of methods and criteria for exposure assessment may depend on the boiling point range ofthe oil in question.56 Mineral oils of widely different boiling point ranges have been used by a Norwegian company for the impregnation of paper insulated power cables. The company's plant in Oslo has manufactured mass cables impregnated with waxy saturants based on heavy oils since the early 1920s, and oil filled cables impregnated with light oils since 1946. Exposure has taken place during the impregnation of paper insulated conductors in large vessels, the extrusion of cable jackets in metal sheathing presses, and the field installation of cable joints. Studies of respiratory disease and skin disorders among oil exposed workers at this plant have been reported elsewhere. 78 The aim ofthe present study was to determine exposures to mineral oils and other chemicals in impregnation, sheathing, and installation in the period 1920-79. In another paper these data have been linked with mortality and incidence of cancer among workers employed during this period.9
Accepted The impregnation of mass cables and sheathing took place in two adjacent areas of a 1500 m2 factory hall, whereas oil filled cables were impregnated in two rooms of 100 m2 in the basement of the hall. Mass cable splicing in small jointing tents constituted most The frequency and duration of oil emitting operations in impregnation and sheathing were largely proportional to the production volumes and this may suggest that the highest exposures occurred in the 1960s and 1970s. In the installation department exposure levels were more independent of the production activity.
Asbestos powder of unknown type was mixed with water and used less than one hour every week until 1958 to maintain the insulation of one sheathing press. Steam pipelines and pumps in the impregnation area were insulated with materials containing chrysotile and amosite asbestos and the workers removed woven asbestos mats on a few occasions during maintenance work. In installation woven asbestos tape and asbestos board were used to protect the cable insulation during soldering for less than one hour a week.
Material and methods
The workroom air was contaminated by evaporation of oils at ambient or raised temperatures. Under such circumstances the saturation concentration of the oil vapours may be expected to approach that ofthe lower boiling constituents, since this fraction will evaporate selectively. Table 2 shows the boiling point ranges of the low viscosity oils A and B and high viscosity oil K (table 1) , together with volatility data for corresponding hydrocarbons.6 'I These data indicate that vapours of high viscosity oils will condense into an aerosol at concentrations above 0 1 mg/m3 at normal workroom temperatures. Condensation of low viscosity oil vapour is unlikely to occur at levels below 100 mg/m3, data'" and all results obtained with membrane filters were therefore corrected for a content of 0-02 mg extractable material. In some sample series total dust concentrations were determined by gravimetric analysis of the membrane filters whereas this did not prove feasible for the more fragile glass fibre filters.
Total oil vapour and aerosol levels were measured from 1985 with a total hydrocarbon analyser (Model 710; Analytical Instrument Development, Inc) with a hydrogen flame ionisation detector. This instrument shows the detector's response to ionisable hydrocarbons in the sample air as ppm methane equivalents (ppm ME) on a digital display. The 0 1-200.0 ppm scale with sensitivity 0-1 ppm was used, and the instrument was zeroed with synthetic air ( < 3 ppm ME hydrocarbons) and calibrated with 170 ppm methane span gas. Workplace samples were taken from the breathing zone of the workers by recording the response in ppm ME several times during a process or work task. The natural methane level in a near-by, non-contaminated area was subtracted and no variation of more than 0-2 ppm ME was detected during any of the measurements. Smoking or the use of flame torches or solvents was not permitted near the workplace during the measurements.
The total hydrocarbon analyser's response to mineral oil A (table 1) was determined by the following procedure. The instrument was connected to a dosimeter (Compur Minidosimeter 4102) which recorded the response once every second. The sample air flow rate was adjusted to 15 ± 0-05 I/min and room air was metered for at least two minutes. About 15 ml of mineral oil A was transferred to a 125 ml gas washing bottle, leaving the inlet tube 1-2 cm above the surface to prevent pressure drop and aerosol formation. The bottle was weighed and connected to the sample probe of the instrument by means of a short Teflon hosing, and room air was sampled through the bottle for 30 to 120 minutes. Room air was sampled directly for another two minutes while the bottle was reweighed. The average oil concentration was calculated in mg/m3 from the weight loss and the sample air volume and in ppm ME from the dosimeter printout after subtraction of the average methane background. Based on four experiments, the instrument's response to oil vapours was calculated to 4-0 mg/m3 per ppm ME (standard deviation 8%). Oil mist was also collected by fixed position sampling during oil filled cable splicing in a typical, unventilated jointing house (sample series 4). The cable was impregnated with low viscosity oil B and a heater with a 1:1 blend of this oil and oil K at 120°C was placed within the jointing house. The aerosol was sampled simultaneously on glass fibre and GSWP membrane filters placed less than 10 cm apart. Oil mist levels were measured to 0-3-1-3 mg/m3 by sampling on glass fibre filters, and to 0 5-4-3 mg/m3 by sampling on membrane filters. The weight increase of the membrane filters was higher than the amount of oil determined by infrared analysis.
Total oil levels were monitQred with the total hydrocarbon analyser during installation of oil filled (table 3) . The collection efficiency of the GF/A filter is 99-8% for a 0 3 um aerosol at a sample air flow rate of 17 I/min,'7 but much lower flow rates were used during some of the present measurements. If the sample air velocity at the filter face is decreased sufficiently the particle collection efficiency may be expected to approach that observed in liquid phase filtration. The effective void sizes ofthe GSWP and HAWP membrane filters for filtration of liquids are 0-22 and 0 45 gm, respectively,'7 as compared with 15 gm for the GF/A filter.'" Volume median particle diameters of 0-4-0-6 pm have been 
